Cross-border water resources and drinking water supply management are among the basic concerns for almost all Adriatic Sea countries. Adopting measures such as developing common methodologies, tools and techniques addressing water quality and quantity issues, water losses and pricing policies is a top priority. Regarding the harmonization of procedures and legislative framework, the requirements of the Water Framework Directive 2000/60 are respected. An approach to face these challenges is being developed through the cooperation of several organizations and stakeholders involved in the implementation of the DRINKADRIA project. This paper discusses its specific objectives and outputs linked to: (a) promotion of sustainable provision of drinking water, by setting joint cross-border recommendations on drinking water resources management; (b) undertaking of methods and technologies, through the implementation of pilot actions; and (c) stimulating capacity building, through the exchange of know-how and the development of a regional network of water supply experts. A set of standardized protocols on the applicable management of water supply systems and resources in the Adriatic area is being developed and tested by the beneficiaries involved. The relevant pilot actions aim at improving water supply and water resources management. Eventually, DRINKADRIA's measurable results will support decision makers in the adaptation of effective and efficient measures and policies.
INTRODUCTION
In the 21st century, around 748 million people globally do not have proper access to drinking water, while approximately one-fifth of the world's population lives in areas facing water scarcity. Furthermore, the global water demand is expected to increase, in several sectors, by 400% within the upcoming 50 years. Consequently, improving policy coherence not only within the borders of a country but also across the cross-border (CB) area will be one of the top priorities in the water sector, Water supply and resources management within the borders of a country is an extremely complicated process, which policy makers and experts are called to effectively face. Several aspects, such as water quantity and quality, available resources, temperature, water pressure, asset ageing, fluctuating demand, operation and maintenance risks, leakages, accidental pollutions, pipe bursts, soil instability, pricing policies and supply standards should be recognized and analysed, to meet the required objectives and goals set. Regarding the CB water supply and resources management, the aforementioned complexity is 'multiplied by several times', as no standard and common methodologies, procedures and techniques exist. Specifically, within the borders of the Adriatic sub-region, drinking water supply and resources management is historically bound to tight CB cooperation, as political changes determined the level of synergy among the countries involved, during the last decades. DRINKADRIA project stakeholders' (Drinkadria Handbook ) joint actions are called to narrow this gap, between two or even three neighbouring countries, located in the Adriatic sub-region. Its principal objectives are conceptualized on the basis of recognized common and trans-boundary problems, related to the water supply in this region. Climate change (CC) is also taken into consideration as a major factor affecting water resources and water supply systems (WSS).
The DRINKADRIA project involves 17 partners from eight countries in the Adriatic region. The project's duration was 35 months and it was concluded at the end of September 2016. The DRINKADRIA project aims at developing a base for strategies and procedures for secure CB water supply with specific emphasis on water resources management in a CB and cross-regional context, CC and specific socio-economic aspects of the Adriatic region. The project's objectives include: (a) effective and efficient management and protection of CB water resources and water supply; (b) analysis of the CC impacts to water resources quantity and quality, estimating also their vulnerability; (c) reduction of water losses in WSS and efficient long-term management of the water supply network; and (d) suggestions regarding the effective drinking pricing policy especially when CBWSS are identified. The present paper aims at presenting the work elaborated during the project and its most important outcomes. Many aspects are discussed, such as CC impact to water resources quality and quantity; assessment of water resources status in terms of quantity (examining also climate conditions and CC impact on them) and quality; safety of water resources used for drinking water; and costing and pricing policies of drinking water, especially when CB water resources are involved. The paper also presents the pilot actions implemented during the project regarding both water quantity and quality. The CB cooperation of DRINKADRIA partners along with the capitalization activities proved to be a unique opportunity for efficient and effective CB water supply and water resources management. The paper's structure follows the project's structure to be more comprehensible.
CB COOPERATION INTRODUCING A UNIQUE OPPORTUNITY Background, problems and challenges
Water supply domain in the Adriatic sub-region is characterized by: ageing infrastructure; high non-revenue water levels (water not bringing revenues to the water utility due to water losses and not billed water consumption); and CC and increasing water demand, induced mostly by the tourism sector. Tourism activities are also inducing high seasonal fluctuations in water demand, within the same area. Based on the problems identified in the region, CB water supply management and shared trans-boundary water resources management are the basic objectives of the DRINKADRIA project (Drinkadria Handbook ; Kanakoudis et al. ) .
Although European legislation exists, the problem of CB water resources management still remains a challenge. The WFD provides, on the one hand, necessary guidelines for CB cooperation in the field of water resources management, while on the other hand no comprehensible legal framework exists for CB water supply management, letting it become a subject of negotiations at national and regional levels regarding the quantity and quality of water, supply dynamics, and short and long-term planning and maintenance. The aforementioned CB negotiations are currently being carried out without a common conceptual and institutional framework.
Existing WSS occasionally are not managed properly, resulting in deteriorated CB water resources quality. In extreme cases, to avoid any potential conflict between the countries involved, these WSSs are not managed at all.
The issue of efficient and effective CB water supply and water resources management is being addressed in its complexity, while a set of standardized protocols for the pertinent management of WSS and resources (mainly groundwater in the Adriatic area) are developed. Participating organizations in the DRINKADRIA project, along with local stakeholders, are called to validate these protocols, supported by the implementation of applicable pilot actions aimed at two core domains: water quality and water quantity. Through the improvement of water supply and water resources management, water utilities involved in the DRINKADRIA project will become more efficient throughout the entire water supply chain, to guarantee sufficient and good-quality water quantity. Moreover, the contribution of each water utility to the environmental damage and depletion of natural reserves of the related River Basin District is being calculated (Kanakoudis et al. ) .
Advanced communication, dissemination and results'
capitalization activities empower the efficiency of the DRINKADRIA project outputs and results. Capitalization of experiences is two-fold. On the one hand, national events in the countries involved engage those stakeholders that are significant for CB/regional WSSs, while on the other hand, project inputs serve as a basis for protocol development. Additionally, the use of several tools and techniques aims at sustaining the project's results beyond the project's ending point, through the cooperation of the partners with associated partners and stakeholders, and by establishing a networking electronic web-based platform.
Given the innovative character of the project, lessons learnt and best practices are spread among stakeholders through the capitalization activities. It is the first time that CB water resources and water supply management have been addressed both from the side of water resources and from the side of drinking water supply.
CB networking
DRINKADRIA's partnership scheme is a well-harmonized set of stakeholders, located in the Adriatic area, with an optimal combination of four regional authorities, five water utilities, seven research organizations, and one water supply and sewage national association. Seventeen partners from eight countries, namely Italy, Slovenia, Croatia, Serbia, Albania, Bosnia and Herzegovina, Montenegro and Greece, are involved (Kanakoudis et al. ) . Four types of associate partners are also involved (governmental bodies, regional/ local authorities, water supply associations and end users), acting as 'supervisors' of the project's activities. The target groups are the residents of the involved countries, the public institutions such as hospitals and schools, and certainly tourists. Activities and results have a significant impact within the entire Adriatic area and the rest of Europe, through the development of practical protocols addressing a wide spectrum of issues to be determined and established for CB water supply and water resources management (WRM). Besides, the fact that only a limited number of CB water supply agreements globally exists was one of the driving forces for the project idea.
Coherence with national and European policies
The DRINKADRIA project contributes to the development of joint CB strategies (and measures) of WRM and drinking WSS, along with the preparation of a common code with good practices for water utilities. During the project, the promotion of sustainable provision of drinking water by stabilizing water demand, through the elaboration of future plan scenarios on drinking water demand and supply, joint CB recommendations on management of water resources (quality and quantity) and measures for reducing water losses and wasteful/non-sustainable consumption have been addressed. An additional task is the stimulation of capacity building through the exchange of know-how, the development of a regional platform (network) of water supply stakeholders (utilities, authorities and research institutions) and the sharing of knowledge regarding WSS optimization. Efforts to deal with these issues need to be coordinated jointly, facilitating the identification of common problems and application of appropriate adaptation measures. Effective strategies for safe CB water resources, managing at the same time drinking water demand and supply in a CB context, could be the 'benchmark' of the legislative framework, ensuring sustainable long-term CB water supply. These results could be also applied in other regions on a European and a global level.
THE METHODOLOGICAL APPROACH: CB WATER RESOURCES AND WATER SUPPLY MANAGEMENT
A standardized methodological approach has been formed to develop a database for water quality, quantity status and effects of CC on water resources, followed by the determination of water resources availability, quality and safety assessment, as a basis to evaluate vulnerability-risk-hazard levels of water resources. The determination of driving forces and competing influences on water resources, with impacts on water supply, is followed by the preparation of 
Climate characteristics and CC
It is stated that changes in physical processes in the global hydrological cycle over the past 50 years may be linked to CC. More specifically, changes in climate have caused impacts on natural and human systems on all continents, indicating the sensitivity of natural and human systems to CC (IPPC ). In order to be able to analyse the available water resources in the Adriatic sub-region, the DRINK-ADRIA partnership reviewed the existing climate and CC data (observed data) and estimated the trends of future climate and CC using different climate models for the future.
The partnership also prepared a database of climate and CC observed data In some reports the impact of CC on water resources is analysed. The data included are used in the following activities, for the analysis regarding water resources quantity and quality vulnerability.
Based on data regarding observed climate and CC characteristics at national and regional levels, it can be concluded that an increase of temperature has been observed in the countries involved (Kanakoudis et al. ) . Negative trends are observed only in certain periods, specifically within the territories of Serbia and Albania (Table 1 ). In general terms, changes in precipitation levels differ from country to country. In Italy (Marche Region), Serbia and Greece (islands of the Ionian and Aegean Sea) a reduction in precipitation has been observed (Kanakoudis et al. ) . In other countries (Slovenia, Croatia, Bosnia and 1961-1990, 1991-2000, 2001-2013 Since the 1990s annual increase is observed of about 0.4-0.6 C Decreasing trend (in the islands of the Ionian and Aegean Sea). In Corfu there is an unstable fluctuation during Herzegovina, and Montenegro) unstable levels of precipitation are observed, indicating that both a decrease and an increase of precipitation are observed, depending on the season and the study area (Table 1) .
Based on data regarding climate and CC, simulations of future scenarios at national and regional levels are described in each partner's report (Table 2 ). It could be concluded that an increase in temperature is predicted in all eight countries involved in the DRINKADRIA project. The levels of temperature increase vary from country to country, depending on the SRES scenario, the season of the year, the study area of the country, etc. Regarding the precipitation, changes vary depending on the season, and on the specific region of the country. It is important to mention that there are cases (such as Albania) where precipitation decreases, while the number of days with heavy precipitation increases.
Also, in Greece for example, the number of intense precipitation phenomena increases. Different SRES scenarios and different climate simulation models are used for the CC simulations. In Slovenia, the SRES scenarios used are A1T, A1FI, A1B, A2, B1 and B2. In Croatia, Serbia, Bosnia and Herzegovina, and Montenegro, scenarios A1B
and A2 are being used. In Albania, the category of scenario is not specified for the three analysed periods and in Greece, scenario A1B is being used. The exact models used for climate simulations in the Adriatic area on national and regional level are: PROTHEUS regional climate model (RCM), Aladin, PROMES, RegCM, EBU-POM, GFDL-ESM2M and RACMO2 ( 
Water resources availability
The second activity performed during project implementation was the analysis of water resources availability risk, 1961-1990 2001-2030 Increase ranging from þ0.6 to þ1.4 C Increase during spring from þ5% and during summer up to þ15% A1B 2071-2100 Increase ranging from þ1.8 to þ3.6 C Decrease in winter and autumn from -10 to -50% A2 2071-2100 Increase ranging from þ2.4 to þ4.8 C Decrease during summer up to -50% 
Water quality analysis and trends and water safety
Another basic activity of the DRINKADRIA project is basically focused on determining water quality indicators and evaluating the parameters related to the drinking water quality deterioration within the pilot areas (Table 4) The data provided by DRINKADRIA beneficiaries after being elaborated are uploaded into a web-based geographic There is an increasing trend of total suspended solids (TSS) in all springs. However, the content of TSS depends primarily on hydrological conditions, so this should not be considered as an indicator of pollution. During 2003-2013 there was a decreasing trend of nitrates (below maximum allowable concentration (MAC)). Microbiological contamination is present and is associated with the hydrological conditions. Higher concentrations of total number of micro-organisms and micro-organisms of faecal origin were occasionally observed, mostly from untreated urban waste waters. For all springs, phosphates and total phosphorus are very low. In Trebižat River, high saturation with oxygen, mostly due to phytobenthos activities and occasionally content of the substances that can be oxidized and decomposed by microorganisms. Increased concentrations of copper and total chromium, which were above the MAC for surface water (2010) (2011) (2012) (2013) (2014) information system (GIS) platform. One of the most important results is the fact that CBWSS have common characteristics in most of the countries involved in the DRINKADRIA Project (Table 5 ). In order for the CBWSS to become comparable, they are grouped in three categories:
(1) Active WSS -currently operating; (2) Inactive WSSoperating in the past; and (3) Potential WSS -agreements are being signed or WSS in the phase of construction.
Four project partners have reported that they have either active or potential CBWSS (Table 6 ). The main focus was on identifying CBWSS, with regard to the fact that there is not enough information and documentation on a national level, and legislation concerning CB water supply in most countries is usually chaotic and indefinite. (Table 7) . The methodology used for the monitoring for each kind of pilot action consists of the continuous measurement of different parameters to investigate how the measures taken will affect the values of these parameters. This methodology is described below (Table 8) .
This kind of collected data led to an improvement of WRM, especially groundwater, with regard to quantity and quality, as well as WSS, through individual improvements and integration of good practices (DRINKADRIA b).
CONCLUSIONS
The present paper presents the path to policy recommendation towards CB drinking water supply in the Adriatic region WRM Adriatic region, taking into consideration CC impacts. The results showed that there are some water resources more vulnerable than others, indicating that adaptive measures need to be taken. The analysis showed that CC will impact negatively on water resources availability, resulting in decreased water availability, while increased water demand will stress water resources even more. Different water quality problems are faced in the region, such as pollution due to human activities (increased nitrates values, BOD values, etc.) and salt water intrusion. Water resources safety was also assessed. The results showed that each country faces water safety in a different way.
When it comes to drinking water, the implementation of HACCP plans or WSP is obligatory in some countries, while in others it is not. Water resources vulnerability assessment indicated that high complexity exists in some cases.
The general guidelines are set for pricing models to be used in the case of CB water resources used for drinking 
